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GAMMA-RAY BURSTS - MODELS

— inverse Compton

» Internal-external shocks
— synchrotron /K
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GAMMA-RAY BURSTS - MODELS

» Internal-external shocks
— synchrotron
— inverse Compton

» Problem: efficiency, spectra J
» Dissipative/photospheric models

> n-p heating (Beloborodov 2010)
-+ magn. (Vurm et al. 2011)
> magnetic reconnection (Giannios 2008)
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MAGNETICALLY DOMINATED JETS

Acceleration—saturation, coasting—deceleration

Magnetic dynamics: T oc RY3 (baryonic I < R)

tl ~R/T, teomn ~ . Self similar: 4" ~ ¢/, /t! ~T2/R (tot.
energy per part.). /T ~ const. during accel — I ~ R/3
(Mészaros & Rees 2011)

Photosphere in accelerating phase
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RADIATION SOURCES- TwO ZONE MODEL

AW

Péter Veres (GWU) #idiEi (Nagoya) October 24, 2014



RADIATION SOURCES- TwO ZONE MODEL

» Synchrotron peak from photosphere, BB (Mészaros & Rees 2011)
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RADIATION SOURCES- TwO ZONE MODEL

» Synchrotron peak from photosphere, BB (Mészaros & Rees 2011)
» FS/RS synchrotron
» FS/RS SSC (Sari & Esin 2001)

Rpn
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RADIATION SOURCES- TwO ZONE MODEL

» Synchrotron peak from photosphere, BB (Mészaros & Rees 2011)
» FS/RS synchrotron

» FS/RS SSC (Sari & Esin 2001)

>

Prompt up-scatters on FS/RS electrons
(Beloborodov 2005, Murase et al., 2011)
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RADIATION SOURCES- TwO ZONE MODEL

Synchrotron peak from photosphere, BB (Mészdros & Rees 2011)
FS/RS synchrotron
FS/RS SSC (Sari & Esin 2001)

Prompt up-scatters on FS/RS electrons
(Beloborodov 2005, Murase et al., 2011)

» BB+FS, BB4+RS (Ryde 2005; Ando & Mészdros 2008)
» p* sync., FS+RS, RS+FS (Razzaque et al., 2009, He et al. 2011)
» Max synch./KN cutoffs (Guetta & Granot 2003)
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PrRoOMPT EMISSION FROM MAGNETIC DISSIPATION

» Here: I ox RY/3
> Magnetic energy dissipates at ~ Ry,
(Giannios 2007; Mészéros & Rees 2011)
» Prompt phase is synchrotron radiation
through ', 2 1 shocks from close to photosphere
> Ry, =6.5x 102 cm L2 r7/%1..1/° pair creation may be important

1/5 ;1/5 <1/5 —1/5
> [ = (Rph/R0)1/3 =87 L;53C¢" " fo.7" Moo

, ~1/ . R
- =30 KV (- GRS (147)

» Subdominant thermal component
—1/60 .—4/15 4/15 —7/30-—1/2 (14\—1
T(Rpn) = 2.7 keV Lt¢53{ Gr 7/6(<O r0.7/ M (4%2)
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EXAMPLE THEORETICAL SPECTRUM
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MIX OF MAGNETIC AND BARYONIC

LI'(R)
RS T ~const
- ~ . . 531
MAGNETIC field dominated jet T~R
R IR, [ R | R srin R e -
L L | Rosprer | Rioiain
Ry
I ~const
. . 3
I~R BARYON dominated jet I~R

Veres, Zhang, Mészaros ApJ, 764, 94 (2013)
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MI1X OF MAGNETIC AND BARYONIC

R if R < Rt
F(R) o { const. if Ry <R

v

135ns1

v

K
nr = (L) " Limiting Lorentz factor

8mm,yc3Ry
n=nr when RSAT = RPHOT
n > nt — "photosphere in acceleration phase”

1 < nt — "photosphere in coasting phase”
1t = 1/3 MAGNETIC ~ 7 < 100 small
1t =1 BARYONIC ~ nr > 1000 high

-1 _3u-1 S o .
Epeak X L= n rr/(1+z) 1f77>77T

vV v v v .Y

>
L=1/2 43 r?/(l +2) if n < nr.
- L, lou—1
] TO({ L et r T /(14 2) >y
L1283 15%/(1 4 2) if 5 < 7.
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FiT TO BRIGHT LAT GRBS

» Can possibly tell us if:
—baryonic
—Poynting flux?

(e.g. Pe'er & Zhang
2009, Bromberg et al
2014)
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FiT TO BRIGHT LAT GRBS

» Can possibly tell us if:
—baryonic
—Poynting flux? GRB 0905104
(e.g. Pe'er & Zhang A ‘ ‘ ‘ " asteet wo/s
2009, Bromberg et al g et
2014) =

» GRB 090510, 1 =1/3

1077

€ F [erg/cm?/s]
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FiT TO BRIGHT LAT GRBS

» Can possibly tell us if:
—baryonic
—Poynting flux?

(e.g. Pe'er & Zhang
2009, Bromberg et al
2014)

» GRB 090510, 1 =1/3

GRB 090510A

)
T

1077

counts cm™ 57" kev™!
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FiT TO BRIGHT LAT GRBS

» Can possibly tell us if:

—baryonic

—Poynting flux? GRB 0905104
(e.g. Pe'er & Zhang F— | ‘ " estret aas ]
2009, Bromberg et al i
2014) 1
<k 5
(E ; 0 E
» GRB 090510, =1 2107 1
» Problem: both fit. D ) ]
107® E
107° ‘;
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FiT TO BRIGHT LAT GRBS

» Can possibly tell us if:
—baryonic
—Poynting flux?

(e.g. Pe'er & Zhang A ‘
2009, Bromberg et al

GRB 090510A
T

T T

L=B.0E+52 erg/3
n=1.1E+05¢em

€ope=9E-05
€-8.3E-02

2014) ] 2
10tk %
S i
. ]
2107 3
, N ]
> Problem: bOth flt v B 7y ]
. 107" 35. 3
» Way out: B ]
Epeak — [ correlation o L8 L : ]
. E L 5 3
— constrain u 10° 102 10° 10° 10

— jet composition
Burgess et al. ApJL
784, 43, (2014)
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PEAK ENERGY - TEMPERATURE CORRELATION
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PEAK ENERGY - TEMPERATURE CORRELATION
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Epeak- 1 CORRELATION

THEORETICAL INTERPRETATION

» Take general acceleration model
3u=1 _3u-1 o .
> Epeak X L““l”z nw Rt R/(+2) i >ar
L=V2 0P T3/ (1+ 2) if 7 <17
_ D L et
> T o Ry 0o ro ) (1L+z) ifnp>nr
2253 r01/6/(1+z) if n < nr.
> use L, n (or ry) to link epeax to T.
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Epeak- 1 CORRELATION

THEORETICAL INTERPRETATION

» Take general acceleration model
3u=1 _3u-1 o .
> Epeak X L““l”z nw Rt R/(+2) i >ar
L=V2 0P T3/ (1+ 2) if 7 <17
_ D L et
> T o Ry 0o ro ) (1L+z) ifnp>nr
2253 r01/6/(1+z) if n < nr.
> use L, n (or ry) to link epeax to T.

6(3u—1)

TS if 5 >y
T2 if n<nr.

v

Epeak X
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€p-KT CORRELATION - RESULTS

Jet Type
GRB 081224A || 1.01 +£0.14 | baryonic —
GRB 090719A || 2.334+0.27 | magnetic | 0.39£0.01
GRB 100707A || 1.77 +0.07 | magnetic | 0.42+0.01
GRB 110721A || 1.24 +0.11 | baryonic —
GRB 110920A || 1.97 +0.11 | magnetic | 0.440.01
GRB 130427A || 1.024+0.05 | baryonic —

6(3pu—1)

TG if > pr

g X
peak T1'2 if S AD-
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CONCLUSION

GRB Name

v

v

v

v

GRB 081224A
GRB 090719A
GRB 100707A
GRB 110721A
GRB 110920A
GRB 130427A

o}
1.01+0.14
2.33+£0.27
1.77 £0.07
1.24 £0.11
1.97 £ 0.11
1.02 £0.05

Jet Type
baryonic
magnetic
magnetic
baryonic
magnetic
baryonic

v

0.39+0.01
0.42+0.01

0.4£0.01

— hints of jet composition

Péter Veres (GWU)

Through epeax — kT correlation:
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Diss. phot., magn. dom. (4 EIC) I oc RY/3
General treatment of acceleration [ oc R*
Fits bright LAT bursts, though ambiguous 1




BACKUP SLIDES

Backup Slides
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GRB 110721A (AXELSSON ET AL. 2012)

Veres, Zhang, Mészaros AplJL, 761, 18 (2012)

°F GRB110721200
058 keV -- 100 keV
of Nal 6,7,9, 11

» Very high peak energy: 15 MeV H
3 nwj

100 keV ~ 250 ke'
Nal 6,7,9, 1%

» Internal shocks not viable

> see also: Beloborodov (2013), “ 1N
Zhang et al. (2012) iy SOV LR

400£-250 keV — 10;MeV, | | |
BGO1 !

30 MeV -- 130 MeV ; |
W[ LATLLE | i

Counts/Bin
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GRB 110721A (AXELSSON ET AL. 2012)

Veres, Zhang, Mészaros AplJL, 761, 18 (2012)

» Synchrotron from dissipative

photosphere works .
> Epeak X )
{ L?ﬁ;zl n*?ﬁ%zl rofffz Exm N
L-1/2 773 g 055 ]
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